Objective To compare neurological sequelae in twins born after assisted conception with singletons after assisted conception and naturally conceived twins and to assess neurological sequelae in children conceived after in vitro fertilisation (IVF) compared with intracytoplasmic sperm injection (ICSI). Design Controlled, national register based, cohort study. Participants Twins (n = 3393) and singletons (n = 5130) conceived by using assisted reproductive technologies and naturally conceived twins (n = 10 239) born in Denmark between 1995 and 2000. The children's age at time of follow up was 2-7 years. Data sources Children were identified by cross linkage of the national medical birth registry and the national registry for in vitro fertilisation. Neurological and psychiatric diagnoses were retrieved from the national patients' registry and the Danish psychiatric central registry. Main outcome measures Neurological sequelae, defined as cerebral palsy, mental retardation, severe mental developmental disturbances, and retarded psychomotor development. Further we made separate analyses on the specific cerebral palsy diagnosis. Results The crude prevalence rates per 1000 of neurological sequelae in twins and singletons after assisted conception and in naturally conceived twins were 8.8, 8.2, and 9.6, and of cerebral palsy 3.2, 2.5, and 4.0, respectively. In twins after assisted conception compared with control twins, the odds ratios of neurological sequelae and specifically of cerebral palsy, adjusted for child sex and year of birth, were 0.9 (95% confidence interval 0.6 to 1.4) and 0.8 (0.4 to 1.6), respectively. The corresponding odds ratios for twins after assisted conception compared with singletons after assisted conception were 1.1 (0.7 to 1.7) for neurological sequelae and 1.3 (0.6 to 2.9) for cerebral palsy. The odds ratio of neurological sequelae in children conceived by ICSI was 0.9 (0.5 to 1.7) v children conceived by IVF. Conclusions Twins from assisted conception have a similar risk of neurological sequelae as their naturally conceived peers and singletons from assisted conception. Children born after ICSI have the same risk of neurological sequelae as children born after IVF.
Introduction
In Denmark 5% of infants are the result of in vitro fertilisation (IVF) techniques (IVF and intracytoplasmic sperm injection, ICSI) , and the latest European data from 2000 showed that 39% of IVF infants were born as twins. 1 Hence assisted conception and increasing maternal age have had a great impact on the national twin birth rates.
Several studies have shown that twin pregnancies are the main reason for the overall poorer neonatal outcome in pregnancies after assisted conception. [2] [3] [4] [5] In population based studies on naturally conceived children, twins have four times the risk of cerebral palsy as singletons . 6 However, the literature specifically addressing long term morbidity in twins after assisted conception is limited. A Swedish register study has found an increased risk of cerebral palsy in children after assisted conception, mainly because of the high rate of twins. 7 Our recent Danish questionnaire study showed similar morbidity in twins after assisted conception and naturally conceived twins, but compared with singletons after assisted conception twins were more likely to have surgical interventions, special needs, and delayed speech development, whereas the prevalence of neurological sequelae was equal. 8 To study the long term effects of IVF techniques on twins we established a database with all singletons and twins born after assisted conception between 1995 and 2000. Perinatal outcomes including prevalence rates of malformations, malignancies, mortality, and data on the use of treatments for special needs, including speech therapy, in these children have been published recently. [8] [9] [10] We assessed prevalence rates of neurological sequelae in Denmark in a nationwide cohort of twins after IVF techniques and in two population based control groups of naturally conceived twins and of singletons conceived by IVF techniques. We also compared the roles of ICSI and conventional IVF in neurological sequelae in these children.
Methods

Participants
We used the Danish medical birth registry recording all births in Denmark to identify all women giving birth to twins and singletons from 1 January 1995 to 31 December 2000. 11 All citizens in Denmark have a unique identification number in the civil registration system. Identification of women in the birth registry was based on this number. Subsequently, a cross reference with the Danish registry for in vitro fertilisation enabled us to dichotomise into women who conceived naturally or after IVF. We used a unique existing linkage between the identification number of a mother in the civil registration system and her children in the medical birth registry to establish the identification number of every individual child in the three cohorts. We drew records on fertilisation method and obstetric outcome from the compulsory IVF registry and the medical birth registry.
Outcome measures
We cross referenced the Danish patients' registry to identify all children diagnosed or treated in a hospital setting from birth until 31 December 2002. 13 We classified diagnoses in the patients' registry according to the International Classification of Diseases, 10th edition (ICD-10). As diagnoses in relation to a psychiatric hospital setting are handled with tight control in Denmark, we drew these diagnoses from Denmark's psychiatric central registry. 14 We established a database with files from the different registries with each individual child in the three cohorts as the key variable and entered the neurological and psychiatric diagnoses as outcomes. To ensure an accurate neurological diagnosis, all children were aged between 2 years and 7 years at time of follow up (31 December 2002). We included the following ICD-10 diagnosis codes on inpatients and outpatients from the patients' registry and the psychiatric registry as neurological sequelae: mental retardation (DF70.0-79.9), severe mental developmental disturbances (DF84.0-89.9), cerebral palsy (DG80.0-83.8), and retarded psychomotor development (DR62.0). We performed separate analyses on the specific diagnosis cerebral palsy as this is a well defined diagnostic entity. This made our study comparable to previous studies on the same subject, which also dealt with cerebral palsy separately. We allowed each child to be counted only once with a diagnosis code in each of the three main diagnosis groups (DF, DG, and DR). If a child had more than one diagnosis in the same main diagnosis group, we gave priority in the following order: severity of the diagnosis, specificity, and latest recorded diagnosis. We ranked diseases arbitrarily from 1 to 10 (1 with highest severity) before retrieving data; the ranking is available from AP. We did not include stillborn children but included children dying from delivery until 31 December 2000 in the cohorts. Since 31 December 2000 the Danish registry of causes of deaths has not been updated.
Statistical analysis
We used SPSS for Windows, version 10.0, for our statistical analysis. We considered a probability value of P < 0.05 statistically significant. We used Student's t test to analyse differences of means of continuous parametric data and 2 tests to compare distributions between groups. We used the Mantel-Haenszel estimate after stratification for a child's sex and year of birth to calculate odds ratios. In all analyses we analysed twins as separate children and not as a pair.
We performed two separate multiple logistic regression analyses to determine which variables independently predicted the dichotomous outcomes of neurological sequelae or not and of cerebral palsy or not. In all regression analyses we used the primary diagnosis of each child as the outcome variable. We entered the following variables as potential confounders: mother's age at delivery ( < 35 years or ≥ 35 years), sex of child, year of birth, IVF or ICSI, low birth weight ( < 2500 g), and low gestational age ( < 37 weeks). We performed three separate analyses, one for all three cohorts, a second for twins alone (IVF or ICSI and controls), and a third restricted to children conceived by IVF or ICSI, both singletons and twins.
Results
Demographic data
We included 3393 twins conceived by IVF or ICSI, 10 239 naturally conceived twins, and 5130 IVF or ICSI singletons in the study. Table 1 shows mothers' and infants' characteristics. Since 41 IVF twins and 95 control twins were survivors of a stillborn co-twin, the number of children in both twin cohorts was odd. As expected, mothers of IVF or ICSI twins were older than control twin mothers but younger than mothers of IVF or ICSI singletons. For 1676 IVF-ICSI twin pairs and for 5103 control twin pairs the sex of both twins was known. In contrast to 65.3% (3330/5103) control twin pairs with the same sex, only 50.8% (851/1676) of the IVF or ICSI twins were same sex (P < 0.001; table 1). The zygosity of twins can be determined by Weinberg's differential method. 15 In our study, this estimation results in 1.6% (26/1676) monozygotic IVF or ICSI and 31% (1557/5103) monozygotic control twin pairs. We adjusted all analyses for year of birth to account for the differences in average child age at time of follow up.
Neurological sequelae
We observed similar prevalence rates of neurological sequelae in IVF or ICSI twins and the two control groups. The crude prevalence of children with neurological sequelae was 8.8/1000 in IVF or ICSI twins, 9.6/1000 in control twins, and 8.2/1000 in IVF or ICSI singletons. The prevalence rates of the specific diagnoses cerebral palsy and mental retardation were also similar (table 2) . Odds ratios of neurological sequelae, cerebral palsy, and mental retardation with and without adjustment for a child's sex and year of birth were the same in IVF or ICSI twins and both control groups (table 3) . The odds ratios of neurological sequelae in ICSI compared with IVF children were 1.3 (95% confidence interval 0.6 to 3.0) for twins and 0.5 (0.2 to 1.2) singletons.
We identified one twin pair with neurological sequelae in 30 IVF or ICSI twins and six in 98 control twins, all of the same sex. The concordance rates were therefore 3.3% and 6.1%, respectively.
The role of zygosity
To account for the higher monozygotic rate among naturally conceived twins, we computed odds ratios of neurological sequelae in IVF or ICSI twins of the opposite sex compared with twins of the same sex (0.7, 0.3 to 1.4) and in control twins (1.0, 0.8 to 1.4).
To exclude the monozygotic twins we restricted our analyses to twins of the opposite sex. The odds ratios for neurological sequelae were 1.1 (0.6 to 2.3), mental retardation 1.1 (0.4 to 2.6), and cerebral palsy 1.3 (0.4 to 4.0) in twins of the opposite sex conceived by IVF or ICSI compared with control twins of the opposite sex.
Factors influencing the risk of neurological sequelae
We performed multiple logistic regression analyses for all children in the three cohorts and for twins alone to explore the effect of relevant confounders on the risk of neurological sequelae. In each of the analyses we tested separately the risk of the two outcomes, neurological sequelae and cerebral palsy. Table 4 shows that low birth weight or prematurity and male sex were strong risk factors for both outcome measures. After adjustment for low birth weight or prematurity, we observed that IVF and maternal age > 35 years had no independent effect on the risk of neurological sequelae, and neither had being a twin. In the analyses restricted to twins, IVF or ICSI twins had no greater risk of neurological sequelae than naturally conceived twins (table 4) . We adjusted all data in the logistic regression analysis for children's year of birth.
To study the effect of ICSI, we performed regression analyses restricted to IVF or ICSI children. ICSI children had similar odds ratios as IVF children for neurological sequelae (0.9, 0.5 to 1.6) and cerebral palsy (0.8, 0.3 to 2.4). Also in these analyses male sex and low birth weight or prematurity independently affected the risk of both outcomes, and we found no difference between twins and singletons in the risk of any of the outcomes. Neurological sequelae were defined as mental retardation and severe mental developmental disturbances (DF70.0-DF79.9, DF 84.0-DF89.9) including infantile autism (DF84.0) and Asperger's syndrome (DF84.5), cerebral palsy (DG80.0-DG83.8), and retarded psychomotor development (DR62.0). 
Discussion
Twins born after assisted conception have a similar risk of neurological sequelae as naturally conceived twins and singletons after IVF or ICSI. The risk of neurological sequelae in children born after ICSI and conventional IVF does not differ. Although of babies born after assisted conception twins have worse perinatal outcomes than singletons, it seems that twins had no increased risk of neurological sequelae as defined in this study. Compared with naturally conceived twins the risk of neurological sequelae in twins after IVF or ICSI was the same, even after exclusion of the monozygotic twins. Children conceived after ICSI carried a similar risk of neurological sequelae as conventional IVF children.
Limitations of the study
The limitation of this study is the lack of data on the extent to which women in the group of naturally conceived twins had received ovarian stimulation with or without intrauterine insemination (IUI). Our questionnaire study showed that 17.3% of the control twin mothers conceived after ovarian stimulation with or without IUI. 8 Since recent papers have reported no influence of the stimulation procedure on neonatal outcome either in singletons or in twins, we assume that the risk of neurological sequelae in children conceived after ovarian stimulation without IVF is no greater than that of children conceived naturally. 16 17 Twins conceived after IVF or ICSI had no greater risk of neurological sequelae, cerebral palsy, or mental retardation than naturally conceived twins or IVF or ICSI singletons. Low birth weight or prematurity as well as male sex independently contributed to the risk of all three outcomes. After adjustment for relevant confounders, twins still had no independent influence on the risk of any of the three outcomes. Hence, being a twin infant per se was no risk factor compared with singletons, and neither was the use of IVF techniques compared with natural conception. In accordance with two recent reports on mental development in ICSI children, we found a similar risk of neurological sequelae and cerebral palsy in ICSI and IVF children. 18 19 As observations on twins are not fully independent, a potential risk exists of estimating the confidence intervals too narrow. When considering our results, the concordance rates were one set of twins in 30 IVF or ICSI children, and six sets in 98 control twins, with neurological sequelae. Although the concordance rates are low, it has to be acknowledged that if one twin is affected then the other is more likely to be affected than would occur by chance.
Strengths of the study
The strengths of the study were the nationwide design, which allowed us to assess for confounder effects and to evaluate the role of zygosity. The compulsory Danish registry for in vitro fertilisation and the civil registration system enabled us to trace all IVF or ICSI deliveries. A unique linkage between each mother and her children in the medical birth registry allowed us to enrol the children and by cross linkage with the child's identification number from the civil registration system we identified all neurological sequelae diagnosed in a hospital setting.
Moreover, the liberal access to assisted reproductive technologies, including reimbursement of the first three IVF treatments, makes Denmark the country with the highest number of performed IVF cycles per inhabitant in Europe. This is probably the reason why no fundamental differences exist in socioeconomic position between Danish IVF mothers and mothers who conceive spontaneously. This was confirmed in our recent national questionnaire study restricted to children born in 1997. 8 Comparison with other studies In most existing surveys the follow up period is too short or the sample size insufficient to draw firm conclusions. 20 21 Only one recent Swedish register study on children born from 1982 to 1995 that examined neurological sequelae in children born after assisted conception had a sufficiently large sample size (2060 IVF twins). In this study, IVF twins were compared with a matched group of non-IVF twins, and IVF singletons were compared with a matched group of non-IVF singletons. 7 The researchers found that IVF twins had a similar risk of neurological sequelae as their naturally conceived peers, but, in contrast to our results, they showed that the risk of neurological sequelae was higher in IVF twins than in IVF singletons. They did not, however, study the effect of ICSI. The crude prevalence of cerebral palsy per 1000 children in the Swedish study was 7.4, 6.9, and 3.8 for IVF/ICSI twins, control twins and IVF or ICSI singletons, respectively. In our study the corresponding rates were 3.2/1000 for IVF or ICSI twins, 4.0/1000 for control twins, and 2.5/1000 for IVF or ICSI singletons. The crude prevalence of cerebral palsy in the total population of the western healthcare region of Sweden in 1991-4 was 2.3/1000. 22 An overestimation of the prevalence of cerebral palsy in the study of Strömberg et al could have resulted from children being diagnosed by healthcare professionals other than doctors as well as from the shorter follow up period. 7 Only 25% of the Swedish children were older than 3 years, at the time of follow up, in con- Table 4 Multiple logistic regression analysis showing independent effects of being a twin infant, assisted conception (IVF and ICSI), maternal age ≥35 years, male sex, and low birth weight (<2500 g) (upper panel) or low gestational age (<37 weeks) (lower panel) on the risk of neurological sequelae and cerebral palsy. Results are presented as odds ratios (95% confidence intervals), adjusted for child sex and year of birth trast to 62% of the Danish children, and the minimum age of the Swedish children was 18 months, compared with 24 months in the Danish children. The crude prevalence of cerebral palsy in eastern Denmark in 1987-90 was 2.4/1000. 23 Although this figure is very close to the prevalence found in the IVF or ICSI singletons in our study, it cannot be concluded that the rate of cerebral palsy in these singletons is the same as in the general population, as we relied on diagnoses recorded in a hospital setting. Firstly, not all children with cerebral palsy are treated in hospital, and secondly not all children with cerebral palsy, admitted to hospital for other reasons, will have their diagnosis of cerebral palsy recorded at that time. These problems, however, should not bias either study and do not explain the difference between their results.
Definition of neurological sequelae
The definition of neurological sequelae and the ranking of diagnoses in our study can also be discussed. To ensure the most objective classification of diagnoses we outlined the ranking system before data retrieval, and to keep a consistent recording of diagnoses we defined neurological sequelae as only the most severe neurological and psychiatric diagnoses. In the Swedish study the primary diagnosis, in case the child had more than one diagnosis, was chosen as the child's major diagnosis from the centre for disabled children. Another reason for the higher Swedish prevalence rates of cerebral palsy could be that the Swedish study comprised an earlier cohort of children born between 1982 and 1995, whereas the children enrolled in our study were born between 1 January 1995 and 31 December 2000. The prenatal and neonatal care of IVF and twin pregnancies have improved during that period.
Our recent published paper on neonatal outcome in twins after assisted conception showed a marginally higher rate of admissions to neonatal intensive care units in IVF or ICSI twins (56.3%) than in naturally conceived twins (52.4%). No difference was obvious in the risk of caesarean section after stratification for maternal age and parity. 9 One cannot preclude that the higher admission rate to intensive care in twins after assisted conception has affected the prevalence of neurological sequelae favourably. We assume, however, that this increased rate is due to more precautions being taken in IVF and ICSI twins when considering the borderline cases of whether to admit to intensive care or not. In Denmark no differences exist in the recommendation of prenatal care to IVF compared with naturally conceived twin pregnancies; rather, the dividing line in terms of obstetric care depends on chorionisity. Since monochorionic twins have an increased risk of morbidity and mortality, prenatal care of these twin pregnancies is more intense. This includes more ultrasound examinations to detect intrauterine growth retardation. As table 1 shows, infant mortality in control twins was marginally higher than in twins after assisted conception (P = 0.04), mainly because of early neonatal deaths. Hence the prevalence rates of neurological sequelae were not underestimated in favour of IVF or ICSI twins because of higher mortality in these twins. Regarding IVF or ICSI twins versus singletons we observed no significant differences in mortality, and this could not bias the study. Excluding infant deaths from the denominator had negligible influence on the prevalence of neurological sequelae in the three cohorts. Consistent with an earlier survey, we found similar risks of neurological sequelae and cerebral palsy in twins of the same sex compared with twins of the opposite sex. 6 
Potential biases
Conclusion
The similar prevalence of neurological sequelae in twins and singletons born after assisted conception we found in our study was reassuring. It should, however, be acknowledged that recent studies have observed higher risks of other adverse outcomes, including a doubled stillbirth rate, all with familiar consequences and higher cost. 2-5 8-10 The impact of our study should therefore not be a blind acceptance of dual embryo replacement in IVF but a well considered step towards elective single embryo transfer to the patients who are prone to having twins.
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